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Heat, exchanger for -SC^-or ^-regeneration of catalyst 
TECHNICAL FIELD 

The present invention relates to a device for use with an internal combustion 
engine, as specified in the pre-characterizing part of claim 1. In particular, the 
invention is intended for use with the exhaust system of an internal 
combustion engine, the exhaust system in question comprising an NO x 
adsorber. 

PRIOR ART V 

Vehicles operating with an internal combustion engine must meet the general 
requirement of a low level of harmful substances in the exhaust gas coming 
from the engine. These substances are predominantly compounds such as 
nitrogen oxides (NO x ). hydrocarbons (HC) and carbon monoxide (CO). In the 
case of modern petrol engines, the exhaust gas is normally purified with the 
aid of a catalytic converter, which is part of the exhaust system and through 
which the exhaust gas is passed. A 'three-way catalyst" of the known type 
removes the predominant part of the above harmful compounds by means of 
the well-known catalytic reactions. To optimize the operation of the catalyst 
so that it gives the highest possible degree of purification as regards NO x , HC 
and CO, the engine is run on a stoichiometric mixture of air and fuel, i.e. one 
with a lambda value (X) of 1 , in most operating modes. 

Although modem three-way catalysts normally ensure a very high degree of 
purification and so greatly reduce the emission of harmful compounds into 
the atmosphere, there is nowadays a need for a further reduction in the 
emission of harmful substances. This is partly due to the ever more rigorous 
legislation introduced in various countries, stipulating an extremely low 
emission of NO x , CO and HC compounds. 



Furthermore, it is a general requir ment that vehicles should have th lowest 
possible fuel consumption. This has recently led to the development of 
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ngines with a n w type of combustion chamb r for the cylinders of the 
engine, especially to make it possible to run th engin on ever lean r fuel 
mixtures, i.e. on mixtures with a lambda value greater than 1. Such engines 
are generally called "iean-bum" engines. A direct-injection or Dl engine, 
5 which is a spark-ignition engine with direct injection, can operate in a 
"stratified" manner, whereby the combustion chamber of the engine is so 
arranged that the fuel introduced into it can be concentrated to a great extent 
at the sparking plugs. When working in certain modes such as under a low or 
medium engine loading, such engines can run on very lean air/fuel mixtures, 

10 with a lambda value of the order of magnitude of 4. This gives a considerable 
fuel economy in the case of engines of this type. A direct-injection engine can 
also run in a "homogeneous" manner in certain modes of operation, mainly 
when driven under a high engine loading. The homogeneous operation 
corresponds to a stoichiometric (i.e. a relatively rich) air/fuel mixture being 

1 5 fed into the engine. 

Since in certain modes of operation a direct-injection engine works on a very 
lean air/fuel mixture, the exhaust gas mixture that then flows through the 
three-way catalyst is also lean. This means that the three-way catalyst 

20 cannot reduce the NO x compounds in the exhaust gas, because it is 
designed to give an optimum purification in the case of a stoichiometric 
mixture. To remedy this, the ordinary three-way catalyst can be combined 
with a nitrogen oxide adsorber, which is also called an NO x adsorber or NO x 
trap. The purpose of this in the known arrangement is to adsorb the NO x 

25 compounds, e.g. from the exhaust gas of an internal combustion engine. 
These IMO x adsorbers can thus be installed and used in conjunction with the 
conventional three-way catalyst. 

An NO x adsorber can be arranged as a separate unit located upstream of the 
30 ordinary three-way catalyst, or alternatively it is integrated with the three-way 
catalyst, i.e. it is combined with the catalytic material in the three-way 
catalyst. The NO x adsorber is so constituted that it takes up (adsorbs) the 
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NO x compounds present in the xhaust gas of an engine when it is run on a 
lean air/fuel mixture, and it giv s off (desorbs) the NOx compounds when the 
engine is being run on a rich air/fuel mixture for a certain time. Furthermore, 
the NOx adsorber can only adsorb the NO x compounds up to a certain limit, 
5 i.e. it gradually "gets full", with its adsorption capacity reaching its limit. When 
this happens, the NO x adsorber has to be regenerated, which means that it 
must be made to desorb and so release the accumulated NO x compounds. If 
there is a conventional three-way catalyst downstream of the NO x adsorber, 
these desorbed NO x compounds can be eliminated in the three-way catalyst, 
10 provided that the latter has reached its operating temperature. 

According to the prior art, the NO x adsorber can be regenerated by making 
the exhaust gas that passes through it relatively rich for a certain time. This in 
turn can be achieved by running the engine on a relatively rich air/fuel 

15 mixture for a short time, e.g. for a few seconds. This depletes the NO x 
adsorber, so that it can then again adsorb NO x compounds for a certain time 
before another regeneration becomes necessary. According to the prior art, 
the regeneration is achieved by controlling the concentration of air in the 
exhaust gas mixture flowing through the NO x adsorber. Such a system is 

20 described in US Patent No. 5,461,857. 

An NO x adsorber is designed to operate at a certain temperature, which 
depends on the mode of operation of the engine at the time. During stratified 
operation, i.e. in the case of a lean air/fuel mixture, the temperature of the 
25 exhaust gas flowing through the NO x adsorber lies in the range of about 200- 
500°C if an optimum operation of this adsorber is to be ensured. 
Furthermore, it is a general requirement that the exhaust gas temperature 
should not exceed about 800°C, because the NO x adsorber may be ruined at 
higher temperatures. 

30 

A phenomenon that occurs in an NO x adsorber is that the sulphur 
compounds, such as sulphur dioxide (SO2), which are present in the xhaust 
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gas flowing through the NO x adsorber form a deposit on the active material of 
the NOx adsorber. With such a deposit on it, the NO x adsorber cannot adsorb 
the NOx compounds. The sulphur compounds come from the fuel and vary 
e.g. with the quality of the fuel. As a result of such a sulphur deposit, the 
adsorption capacity of the NO x adsorber progressively decreases with time. 

To solve the problem of this sulphur deposit, the NO x adsorber must be 
regenerated at set intervals as regards the sulphur compounds as well, i.e. it 
must be freed from these compounds, so that the sulphur deposit on the NO x 
adsorber can be removed. According to the prior art, such a sulphur 
regeneration can be carried out by running the engine for a certain time in 
such a way that a rich exhaust gas with a lambda value of less than 1 is 
produced and at the same time the exhaust gas has a relatively high 
temperature, specifically one in excess of about 650°C. In this way, the 
sulphur compounds are desorbed, i.e. they are discharged from the NO x 
adsorber. According to the prior art, this sulphur regeneration is preferably 
done at intervals determined on the basis of how much of the NO x storage 
capacity of the NO x adsorber has been lost. This can in turn be estimated 
from the sulphur content of the fuel and the fuel consumption of the vehicle in 
question. 

However, a problem that occurs in the prior art with the sulphur regeneration 
is that it is difficult to reconcile the desired exhaust gas temperature in the 
case of lean running, which is about 200-500°C, with the requirement that the 
temperature should be at least 650°C in the NO x adsorber in order to be able 
to carry out a sulphur regeneration. This problem can be solved in principle 
by raising the exhaust gas temperature during the sulphur regeneration in the 
conventional manner, i.e. by delaying the ignition timing for the cylinders of 
the engine. However, this measure is not sufficient to raise the exhaust gas 
temperature to the required value if the vehicle in question is basically never 
run under a high engine loading, which happens in the case of certain types 
of drivers and certain types of driving situations. 
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It can therefore be concluded that a problem is presented by th conflicting 
requirements of a high temperature of at least 650°C for the sulphur 
regeneration on the one hand, and the relatively low temperature of about 
200-500'C that prevails during the same type of operation but with a lean 
mixture. In addition, the temperature must be below about 800°C under all 
conditions, because otherwise the NO x adsorber may stop working! 

It should be possible ..to solve this problem by introducing a bypass 
construction into the exhaust system, whereby the exhaust gas can be 
passed along different routes through the exhaust system, depending on the 
temperature. However, this solution would require a costly valve 
arrangement, and such a separate valve arrangement in the exhaust system 
might also jeopardize the reliability of the latter. 

DISCLOSURE OF THE INVENTION 

The aim of the present invention is to provide an improved device for 
removing the harmful substances emitted by an internal combustion engine. 
In particular, the aim of the invention is to provide a device that ensures the 
right working temperature of an NO x adsorber connected to an internal 
combustion engine. This aim is achieved with the aid of a device whose 
characterizing features are set out in claim 1 . 

The present invention relates to a device that comprises a means for 
generating an air/fuel mixture for the cylinders of the engine, an exhaust 
system connected to the engine, and an NOx-adsorbing catalytic converter 
arranged in the exhaust system. The invention is characterized in that it also 
comprises a heat exchanger that is fitted upstream of the said catalytic 
converter and which is used to adapt the temperature of the exhaust gas 
from the engine to the operating state of the catalytic converter at the time. 
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Th present invention offers several advantages. First of all, the heat 
xchanger us d in conjunction with a direct-injection engine makes it 
possible to adapt the temperature of the exhaust gas flowing through the 
catalytic converter to match the mode of operation of the engine at the time. 
It should be mentioned here that the device according to the invention is a 
"passive system", which does not call for a separate valve arrangement or 
the like to effect this temperature adaptation. For the sulphur regeneration of 
the catalytic converter, one obtains here an exhaust gas temperature that lies 
in the range of about 650-800X, which is needed for a satisfactory 
operation. Moreover, the use of the device according to the invention does 
not mean that the back pressure in the exhaust system is less favourable 
than in the conventional exhaust system, which would reduce the torque. 
Furthermore, the device according to the invention can be fitted in a vehicle 
with a relatively small available space and with a fully effective cooling 
surface area. 

DESCRIPTION OF THE DRAWINGS 

The invention is described below in more detail with reference to a preferred 
embodiment and the attached drawings, where: 

Fig. 1 is an overall diagrammatic drawing showing the device according 
to the invention, connected to an internal combustion engine with 
which it can be used, 

Fig. 2 is a perspective drawing of the heat exchanger used according to 
the invention, 

Fig. 3 is a cross section through the heat exchanger, and 
Fig. 4 shows the inlet of the heat exchanger in detail. 



PREFERRED EMBODIMENTS 

Fig. 1 shows a diagram of the device according to the present invention. In a 
preferred mbodiment, the d vice according to the inv ntion is connect d to 
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an intemai combustion engine 1, which can be a conventional petrol engine 
or a diesel ngin , but is preferably a direct-injection or Dl engine, i.e. an 
engine of the type of a spark-ignition engine with direction injection. In this 
case, the injection of the fuel into the engine 1 is designed for "stratified" 
operation, in which the fuel introduced can be concentrated in the 
combustion chamber of the engine. As a result, in certain predetermined 
modes of operation, the engine can run on a very lean air/fuel mixture having 
a lambda value of the order of magnitude of 4. Such an engine affords a 
significant fuel economy in comparison with engines run on a stoichiometric 
mixture, i.e. one with a lambda value of 1. However, such an engine is also 
suitable for "homogeneous" operation in certain modes of driving, where a 
stoichiometric or relatively rich air/fuel mixture is used. In the preferred case, 
the engine 1 performs a stratified operation when it is driven under a low or 
medium engine loading, and it performs a homogenous operation when it is 
driven under a relatively high engine loading. 

The engine 1 is supplied with air through an air inlet 2 in the usual way. The 
eng ine 1 has a number of cylinders 3 and the corresponding number of fuel 
injectors 4. These injectors 4 are connected to a central control unit 5 via 
electrical connections 6. The control unit 5 is preferably a computerized 
device and is designed in the usual way for controlling the fuel supply to the 
injectors 4 from a fuel tank (not shown) in such a way that an appropriate 
air/fuel mixture is fed into the engine 1 at any given moment. In the preferred 
embodiment, the engine 1 is of the multi-point injection type, where the right 
amount of fuel can be supplied to the engine 1 in the known manner on an 
individual basis, via the corresponding injectors 4. 

During the operation of the engine 1, the control unit 5 regulates the air/fuel 
mixture for the engine 1 in such a way that it is adapted at any given moment 
to the operating conditions prevailing at the time. The regulation of the engine 
1 is essentially performed in the conventional way, i.e. on the basis of various 
parameters that reflect th operating conditions of the engin 1 and th 
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vehicle at the time. The engine can be regulated ,g. on the basis of the 
current displacement of the accelerator, the number of revolutions of the 
engine per minute, the amount of air injected into the engine, and the 
concentration of oxygen in the exhaust gas at the time. 

5 

The engine 1 illustrated in the drawing has five cylinders, but it will be 
realized that the device according to the invention can also be used with 
engines having a different number of cylinders and different cylinder 
configurations. The injector 4 is preferably of the type that injects the fuel 
10 directly into the corresponding cylinder 3, but the device according to the 
invention can also be used with the "port injected" engines. Furthermore, the 
device according to the invention can also be employed with the "single- 
point" injection system, where a single fuel injector is placed in the inlet of the 
engine. 

15 

The exhaust gas of the engine 1 is led out of the cylinders 3 through an 
exhaust manifold 7 and then into an exhaust pipe 8 fitted to the exhaust 
manifold 7. Further downstream along the exhaust pipe 8 is located 
preferably an NOx-adsorbing catalytic converter 9, composed of a 

20 conventional three-way catalyst 10 and an NO x adsorber 11. The latter is of 
the conventional type and is so designed that it can adsorb the NO x 
compounds flowing out of the engine 1 through the exhaust pipe 8. The 
catalytic converter 9 preferably contains a three-way catalyst 10 that is 
integral with the NO x adsorber 1 1 . This means that the catalytic converter 9 is 

25 an integrated unit comprising both an NOx-adsorbing material and a noble 
metal that performs the function of a conventional three-way catalyst. This 
integrated "unit is called below an "NOx-adsorbing catalytic converter J ' or 
simply a "catalytic converter". Alternatively, the catalytic converter 9 can be 
arranged as a separate component, fitted in connection with the three-way 

30 catalyst 10. Irrespective of the embodiment in question, the NO x adsorber 11 
is shown in the drawing diagrammatically as a separate unit, using broken 
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lines. The exhaust gas then flows from the engine 1 through the xhaust pipe 
8 and through the catalytic converter 9 into the atmosphere. 

As mentioned before, the engine 1 can be a direct-injection engine, in which 
case the air/fuel mixture with a lambda value of the order of magnitude of 4 
can be fed into the cylinders 3 during normal driving (stratified mode), using a 
lean air/fuel mixture. In the case of such a lean mixture, the NO x compounds 
in the exhaust gas coming from the engine 1 are not reduced in the three- 
way catalyst 1 0. but are instead adsorbed by the NO x adsorber 1 1 . 

In this embodiment, the engine 1 is also fitted with a pre-catalyst, 12. which is 
located upstream of the catalytic converter 9. The pre-catalyst 12 is specially 
designed to ensure a quick catalyst warm-up when the engine 1 is started up 
from cold, that is to say, it is a unit whose catalytic layer becomes active 
quickly. This ensures a significant elimination of the HC, CO and NO x 
compounds in the exhaust gas, especially in the case of a low exhaust rate 
on idling. By ensuring, with the aid of the pre-catalyst 12, that the exhaust 
gas passing through is warmed up quickly, one also obtains a relatively short 
heating-up time for the catalytic converter 9 downstream of it. this being the 
time that elapses before the catalytic converter 9 is warmed up to the 
temperature at which it can reduce a predetermined portion of the harmful 
substances in the exhaust gas. This ensures an effective purification of the 
exhaust gas from the engine 1 , especially in the case of a cold start. 

The system also contains a sensor 13 that detects the concentration of 
oxygen in the exhaust gas. The sensor 13 is preferably a linear lambda probe 
and is connected to the control unit 5 with the aid of an electrical connection 
14. The sensor 13 is preferably placed in the exhaust pipe 8 at a point 
upstream of the pre-catalyst 12 but it can also be located in a different 
position, e.g. between the pre-catalyst 12 and the catalytic converter 9. 



WO 00/34631 



10 



PCT/SE99/02090 



According to the invention, a heat exchanger 15 is inserted between the pre- 
catalyst 12 and the catalytic converter 9, the construction and operation of 
this unit being described below in detail. The main purpose of the heat 
exchanger 15 is to adapt the temperature of the exhaust gas flow so as to 
ensure the right working temperature for the catalytic converter 9 in the 
prevailing mode of operation of the engine 1 and the vehicle at the time. 

In the device according to the invention, both the catalytic converter 9 and 
the pre-catalyst 12 have a predetermined oxygen storage capacity, so that 
they can take up -and store a certain oxygen reserve. This construction of a 
three-way catalyst is part of the prior art and is based on the realization that, 
if the catalytic material can store a certain amount of oxygen, the catalytic 
reactionsjn the three-way catalyst (i.e. the oxidation of the hydrocarbons and 
the carbon monoxide and the reduction of the nitrogen oxides) can also take 
place when there is a certain excess of either air or fuel in the exhaust gas in 
comparison with the stoichiometric ratio, in which case the lambda value is 1. 
As described below in detail, the catalytic converter 9 is preferably made with 
an oxygen storage capacity that is much greater than that of the pre-catalyst 
12. More specifically, the ratio between the oxygen storage capacity of the 
pre-catalyst 12 and that of the catalytic converter 9 is at least 1:2 and 
preferably between 1 :5 and 1:30. 

An airflow-meter 16 is fitted in the air inlet 2. This is a conventional air flow- 
meter that is connected to the control unit 5 via a separate connection 17 and 
which gives a signal proportional to the amount of air flowing into the engine 
1. The system also contains a butterfly valve 18 for the fuel setting, which is 
preferably operated electrically. For this purpose, the butterfly valve 18 is 
equipped with an adjustable actuating motor 19, with the aid of which the 
valve can be placed in the desired position. This ensures that a suitable 
amount of air is fed into the engine 1, according to the mode of operation at 
the time. The actuating motor 19 is coupled to the control unit 5 with th aid 
of a separate connection 20. To control th butterfly valv 18 for the fuel 
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setting, the system also incorporates a position sensor 21 for the accelerator 
pedal 22. This position sensor 21 senses the position of the accelerator pedal 
22 and sends a signal to the control unit 5 via a separate connection 23 
according to its position, i.e. it sends a signal the value of which corresponds 
to the current displacement of the accelerator. 

Furthermore, the control unit 5 is connected to a number of additional 
sensors, which are shown diagrammatically in Fig. 1. These preferably 
include a position sensor 24 to sense the position of the brake pedal 25 of 
the vehicle, a speed sensor 26 that detects the number of revolutions of the 
engine 1 per minute, and a pressure sensor 27, which detects the pressure in 
the brake booster of the vehicle (not shown). These sensors 24, 26 and 27 
are coupled to the control unit 5 via the corresponding electrical connections 
28, 29 and 30. 

The system preferably also comprises an NO x sensor 31, which detects the 
concentration of the NO* compounds in the exhaust gas. The NO x sensor 31 
is coupled to the control unit 5 with the aid of a separate electrical connection 
32. The NO x sensor 31 can be placed in various positions in the exhaust 
system, e.g. between the pre-catalyst 12 and the catalytic converter 9, or 
downstream of the catalytic converter 9, as shown in the drawing. 
Furthermore, there is preferably also a temperature sensor 33, connected to 
the pre-catalyst 12. The temperature sensor 33 is coupled to the control unit 
5 with the aid of a separate electrical connection 34 and gives a signal that 
reflects the temperature of the pre-catalyst 12. The signal from the 
temperature sensor 33 can also be used as a measure of the temperature of 
the catalytic converter 9. As an alternative to the temperature sensor 33 or in 
addition to it, a measure of the temperature of the catalytic converter 9 can 
be obtained furthermore by using a predetermined mathematical model that 
is stored in the control unit 5 in advance. For example, such a model can use 
a pre-established connection between the temperature of th pre-catalyst 12 
and that of the catalytic converter 9. Alternatively, a temperature sensor can 



WO 00/34631 



PCT/SE99/02090 



be fitted in som oth r position along the exhaust pip , for exampl between 
the pre-catalyst 12 and the heat exchanger 15. The temperature sensor then 
gives a signal that is proportional to the temperature of the exhaust gas 
flowing through the exhaust pipe 8. 

5 

Fig. 2 is a perspective drawing of a heat exchanger 15 according to the 
invention. In the embodiment under consideration, this heat exchanger is in 
the form of an elongated unit with an inlet 25, an outlet 36 and a number of 
straight cooling tubes 37. The heat exchanger 15 is so constructed that the 

10 exhaust gas from the engine enters its inlet 35, passes through the cooling 
tubes 38 and exits at the outlet 36, the direction of flow being indicated by the 
arrows in the drawing. When the tubes 37 are viewed in cross section, it can 
be seen that they are preferably arranged in such a way that their centres 
essentially lie on a circle. In this embodiment, there are seven tubes 37, but 

15 there can also be fewer or more of them within the scope of the invention. 
The number, diameter and length of these tubes are chosen on the basis of 
e.g. the amount and flow rate of the exhaust gas. Other factors that affect the 
location and dimensions of the tubes 37 are the space available in the 
vehicle in question, the desired back pressure, and the necessary cooling 

20 surface area of the heat exchanger 15. The tubes 37 are made of stainless 
steel or a material with similar properties. 

In this embodiment, ail the tubes 37 essentially have the same dimensions, 
so that the exhaust gas flowing through them can be distributed essentially 

25 equally among them. Furthermore, since the tubes 37 are positioned on a 
circle, as can be seen especially in Fig. 3, which is a cross section taken 
through the heat exchanger 15 at a point between its inlet 35 and outlet 36, 
the temperature of each individual tube 37 is essentially the same during 
operation. This means in turn that thermal stresses are avoided, because all 

30 the tubes are exposed to the same amount of radiating heat from the exhaust 
gas and heat from the adjacent tubes. 
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Fig. 4 shows the inlet 35 of the heat exchanger in detail. This iniet 35 
comprises an inlet cone 38 through which th exhaust gas flows in. This inlet 
cone 38 is welded to a cap 39, which is in turn provided with orifices for fixing 
the tubes 37 in them. The inside of the cap 39 has a part that is convex 
5 towards the entering exhaust gas, which ensures that the latter is distributed 
essentially equally among the tubes 37. For this purpose, the convex part is 
given an essentially hemispherical shape. This ensures that the same 
amount of gas flows into each tube, which in turn means that the temperature 
of the gas is essentially the same in all the tubes. This arrangement also 
10 permits a relatively low back pressure in the heat exchanger 15, which is an 
advantage. Another advantage of this arrangement is that it minimizes the 
ineffective cooling surface area, which in turn reduces the weight and cost of 
the unit. In addition, the possible effect of the radiating heat from the adjacent 
tubes is reduced. 

15 

The outlet 36 of the heat exchanger 15 is so constructed that it is identical to 
its inlet 35 (see Fig. 2), which gives a cost advantage, since fewer different 
components are then needed for the heat exchanger 1 5. 

20 The following description shows how the NO x regeneration and the SO x 
regeneration can be effected with the aid of the device according to the 
invention. When the engine 1 is a direct-injection engine, it can be run on a 
very lean air/fuel mixture during normal continuous driving, more specifically 
on a mixture with a lambda value of the order of magnitude of 4. This means 

25 that the exhaust gas flowing through the exhaust pipe 8 and the catalytic 
converter 9 is also lean. It is welt known that the catalytic converter 9 then 
adsorbs the NO x compounds that are present in the exhaust gas. After 
operating with the lean exhaust gas for a certain time, normally for about 1-2 
minutes, however, the catalytic converter 9 "gets full", i.e. its catalytic 

30 material becomes saturated. As a result, the catalytic converter 9 cannot take 
up any more NO x compounds from the exhaust gas, and it must therefore be 
r generated at this point in time. The NO x regeneration is done according to 
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the conventional method by passing a relatively rich exhaust gas mixture 
through th catalytic converter 9 for a certain tim . This relativ ly rich 
exha ust gas is obtained by running the engine 1 on a relatively rich air /fuel 
mixtu re for a certain time, for example for a few second s, under the guidance 
5 of the control unit 5. This leads to the desorption of the NO x compounds that 
have so far been adsorbed by the catalytic converter 9, so that the latter can 
again adsorb the NO x compounds for a certain time, before another 
regeneration becomes necessary. When the NO x compounds have been 
desorbed from the catalytic converter 9, they can also be reduced with the 
1 0 aid of the catalyst layer that forms an integral part of the catalytic converter 9. 

As mentioned in the introduction, the sulphur compounds eventually deposit 
on the catalytic converter 9 and so prevent the latter from adsorbing any NO x 
compounds. For this reason, a sulphur regeneration is carried out by using 

15 up a certain amount of the oxygen stored in the oxygen reserve of the 
catalytic converter 9 for burning. More specifically, first the uncombusted 
hydrocarbons in the exhaust gas are burned off in the catalytic converter 9 
with the aid of the oxygen stored in the oxygen reserve while the engine 1 is 
being operated in such a way that a rich exhaust gas is being produced. In 

20 this way, heat is generated while the oxygen reserve is being gradually 
depleted. When the oxygen reserve has been depleted at least in part, the 
engine 1 is switched over to another mode of operation, in which it generates 
instead a relatively lean exhaust gas, i.e. one with an oxygen excess. This 
makes it possible to store a new quantity of oxygen in the oxygen reserve of 

25 the catalytic converter 9. The engine 1 then again switches over to rich 
running, as a result of which the process is repeated, and the oxygen reserve 
of the catalytic converter 9 is depleted, which is accompanied by heat 
production. The heat production that occurs during the repeated burning of 
the uncombusted hydrocarbons raises the temperature of the exhaust gas 

30 above about 650°C, above which temperature sulphur regeneration can take 
place. The heat exchanger 15 helps to limit the temperature of the exhaust 
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gas, so that it does not exceed about 800°C, above which the catalytic 
converter 9 may be ruined. 

The above alternating process continues for a certain time, according to how 
5 much of the sulphur accumulating in the catalytic converter 9 has been 
eliminated. This period can be estimated from the sulphur content of the fuel 
used in the engine 1 and the fuel consumption of the vehicle in question, and 
these parameters are stored in the control unit 5. For this purpose, the signal 
from the temperature sensor 33 can also be used in conjunction with some 

10 algorithms stored in the control unit 5 in advance. These algorithms define a 
correlation between the temperature measured by the temperature sensor 33 
and the temperature prevailing in the catalytic converter 9. These algorithms 
take into, account for example the amount of oxygen stored in the catalytic 
converter 9 and the length of the period during which the uncombusted 

15 hydrocarbons are burned off in the catalytic converter 9 in the process 
described above. In this way, the control unit 5 can be used for fixing the 
amount of heat produced in the catalytic converter 9, as well as for checking 
whether the temperature in the catalytic converter 9 has exceeded the value 
of about 650°C for a sufficiently long time to ensure that sulphur regeneration 

20 takes place. 

A similar burning process with stored oxygen occurs also in the pre-catalyst 
12 during operation with a rich exhaust gas. According to what was said 
above, the oxygen storage capacity of the pre-catalyst 12 is much lower than 

25 that of the catalytic converter 12. As a result, only a small part of the 
uncombusted hydrocarbons released from the engine 1 is burned in the pre- 
catalyst 12. The greater part of the uncombusted hydrocarbons instead 
travels along the exhaust pipe 8 and is burned off in the catalytic converter 9. 
This means that the main heat production occurs where it is actually needed, 

30 i.e. in the catalytic converter 9. This ensures the effective sulphur 
regeneration of the catalytic converter 9. 
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Th sulphur regeneration proc ss is described b low in detail. It is assumed 
here that the NO x regeneration of the catalytic converter proceeds 
continuously. In the preferred embodiment, the engine 1 is a direct-injection 
engine that is designed in such a way that it produces a relatively lean 
exhaust gas in a certain mode of operation, e.g. when the vehicle is driven 
continuously under a medium high engine loading. During such an operation, 
the system checks whether a sulphur regeneration is necessary. For this 
purpose, the control unit 5 is designed to determine the value of the lost NO x 
storage capacity of the catalytic converter 9, which can be done on the basis 
of e.g. the sulphur content of the fuel used in the engine 1, the fuel 
consumption of the vehicle, and the time elapsing since the last regeneration. 

When the NO x storage capacity of the catalytic converter 9 falls below a 
predetermined value, a sulphur regeneration must be carried out. To initiate 
this process, the control unit 5 adjusts the air and fuel supply to the engine in 
such a way that a rich mixture is obtained. The fuel supply to the injectors 4 
is adjusted to obtain the required mixture, depending also on the other 
operational parameters of the engine, e.g. the current displacement of the 
accelerator, the number of revolutions of the engine per minute, and the 
amount of air injected into the engine. In such a way, the engine 1 is 
switched over to a mode of operation in which a rich exhaust gas, having a 
lambda value of under 1, flows through the catalytic converter 9. As 
explained before, the result of this is that the stored oxygen in the oxygen 
reserve of the catalytic converter 9 is used for burning off the uncombusted 
hydrocarbons in the exhaust gas flow. This leads to heat production, which 
raises the temperature of the exhaust gas flow and the catalytic converter 18 
to at least about 650°C. 

Under the conditions prevailing during the normal driving of a car, the oxygen 
reserve in the catalytic converter 9 is depleted after a few seconds of 
operation with a rich exhaust gas. When this happens, the control unit 5 
switch s the engine 1 ov r to a mode in which it is suppli d with a relatively 
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lean air/fue! mixture and so produces a r lativ ly lean xhaust gas mixture, 
with a lambda value of over 1 , for the catalytic converter 9. In this way, the 
exhaust gas acquires an excess of oxygen, so that a new quantity of oxygen 
is stored in the oxygen reserve of the catalytic converter 9. The control unit 5 
5 then checks whether a sufficient consumption of the stored oxygen in the 
catalytic converter 9 has taken place, i.e. whether a sufficiently extensive 
sulphur regeneration has occurred to consider that the catalytic converter 9 
has recovered its NO x storing capacity. If the sulphur regeneration is 
considered to be sufficient, the engine is allowed to return to its original mode 
10 of operation, using a lean mixture. If the sulphur regeneration is not 
considered to be sufficient, the engine is switched over to operate with a rich 
mixture, and so the above process of alternating rich and lean exhaust gases 
in the catalytic converter 9 is repeated. 

15 The time needed to ensure a complete sulphur regeneration of the catalytic 
converter 18 depends on various factors, such as for example the sulphur 
content of the fuel used in the engine 1, the fuel consumption of the vehicle, 
the size of the catalytic converter 18, the magnitude of the oxygen reserve in 
the latter, and the extent of the previous sulphur regeneration steps. 

20 

It has been assumed in the above description of the process that the oxygen 
reserve of the catalytic converter 9 is in principle fully depleted when the 
engine produces a rich exhaust gas mixture. During the following operation 
producing a lean exhaust gas, a certain amount of oxygen accumulates in 

25 the oxygen reserve of the catalytic converter 9, so that this reserve is partly 
replenished. The process is then again switched to an operation that 
produces a rich exhaust gas. In an alternative, reversed sequence of events, 
the mode of operation with a lean exhaust gas leads to a basically complete 
restoration of the oxygen reserve, while the mode of operation with a rich 

30 exhaust gas mixture leads to the consumption of only part of the oxygen 
reserve for burning. 
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The consumption of the oxyg n r serv of the catalytic converter 9 for 
combustion can also be used in combination with other measur s for raising 
the temperature of the exhaust gas, for example with a delayed ignition of the 
fuel in the cylinders 3 in question. 

5 

As an alternative to the operation described above, the exhaust system can 
also be designed in such a way that a partial S0 X regeneration of the 
catalytic converter 9 takes place, i.e. a regeneration that does not necessary 
continue until the catalytic converter 9 is completely free of sulphur 
10 compounds. This may be relevant for example when a certain mode of 
operation means that a relatively rich air/fuel mixture can be supplied to the 
engine only for a certain time. However, the control unit 5 is designed to store 
the value for the sulphur deposit continuously, which then acts as the basis of 
the next regeneration of the catalytic converter 9. 

15 

The above NO x regeneration is preferably initiated when at least one of the 
predetermined operating situations prevails. An example of such an 
operating state that can be used according to the invention is one that 
corresponds to a deliberate change in the torque of the engine 1. This 

20 operating state can come about e.g. as a result of the driver's behaviour, 
such as displacing the accelerator by a certain amount When the driver 
wants to overtake, for example, and therefore opens the throttle more, the 
vehicle accelerates. In the well-known manner, the control unit 5 sends a 
relatively rich air/fuel mixture to the engine 1 when the vehicle is to 

25 accelerate. For example, the engine 1 can be so designed that it delivers its 
maximum torque when fed with an air/fuel mixture having a lambda value of 
0.9. During acceleration, the driver expects the torque delivered by the 
engine to increase. This state can be simultaneously utilized for the full or 
partial regeneration of the NO x adsorber. For this purpose, the control unit is 

30 so designed that, when this state is detected, it ensures the flow of a 
relatively rich exhaust gas mixture to the NO x adsorber for a certain time, so 
that th d sired regen ration of the NO x adsorber can take place. This is an 
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advantage from the point of view of driving comfort, because the driver then 
does not experience any drawback if, simultaneously with the acceleration, a 
"pulse" of a rich exhaust gas is produced for the regeneration of the NO x 
adsorber. In addition, there is also an advantage as regards the fuel 
5 consumption of the vehicle, since a change in the torque of the engine 1 
brought about in any case is utilized for the regeneration. 

The control unit is preferably so designed that it checks during the operation 
whether any one of a number of predetermined operating conditions exists. 

10 The aim of this is to permit the regeneration of the NO x adsorber when at 
least one of these operating conditions prevails. Thus, the control unit 5 is 
designed to detect whether a state that corresponds to a deliberate change in 
the torque in the form of a "driver-activated NO* regeneration" prevails, and if 
it does, then it generates a "pulse" of a rich exhaust gas. This means that the 

15 control unit 5 can detect the angular position of the accelerator peda! 22 with 
the aid of the position sensor 21. If the displacement of . the accelerator 
exceeds a predetermined limit, i.e. if the opening of the butterfly valve 18 for 
the fuel setting exceeds a certain limit, the control unit 5 assumes that a 
"driver-activated NOx regeneration" is taking place. In such a case, the 

20 control unit 5 chooses an appropriate composition for the air/fuel mixture that 
. is to be fed into the engine to enable the regeneration of the NO x adsorber to 
take place. Normally a relatively rich mixture is chosen here, e.g. one with a 
lambda value of the order of magnitude of 0.7-0.8. This mixture should be 
retained for a certain time ti that is necessary for the full regeneration of the 

25 catalytic converter. The value of the time ti that corresponds to the state in 
question can be based on empirical measurements and is determined by the 
control unit 5. As explained below in detail, this time ti can be set at a value 
between a few tenths of a second and a few seconds. 

30 After the control unit has calculated the appropriate lambda value for the 
regeneration and the value of time ti during which the regeneration is to take 
place, it initiates th regeneration by sending an air/fuel mixture to the engine 
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1 such that gives the calculated rich exhaust mixture for the calculated time. 
The fuel supply is sent here to the injectors 4 shown in Fig. 1 so that the 
desired mixture is obtained, depending also on e.g. the amount of air 
supplied to the engine. This pulse of a rich exhaust gas is generated 
simultaneously with the acceleration by the driver. The driver then does not 
notice any difference as regards driving comfort when the catalytic converter 
is regenerated at the same time, which is an advantage. 

The length of the time ti needed for the complete regeneration of the catalytic 
converter 9 depends ori'various operating parameters, such as the number of 
revolutions of the engine 1 per minute, the engine loading, and the degree of 
filling of the catalytic converter 9 at the time. The control unit can be set for 
the continuous determination of a value of this degree of filling on the basis of 
various known parameters giving the size of the catalytic converter 9 and the 
speed with which it gets full during lean operation. In this way, the 
regeneration can be limited to the time that is effectively needed for the NO x 
compounds to be essentially removed. If, for example, at a given moment 
when the "driver-activated regeneration" is detected, the catalytic converter 9 
is half full of NOx compounds and so has a degree of filling of 50%, a 
relatively small value can be chosen for the time t,. If on the other hand, the 
NO„ adsorber shows a degree of filling that is in principle 100%, then a 
relatively high value has to be chosen for the time ti to ensure a complete 
regeneration of the NO x adsorber. 

The "driver-activated NO, regeneration" described above is an example of 
how the catalytic converter 9 can be regenerated as a result of a deliberate 
change in the torque of the engine 1. Other examples of a deliberate change 
in torque that can be utilized for the NO, regeneration are the activation of 
the cruise control mechanism (if there is one in the vehicle), the switching on 
and off of the air conditioning system, the switching on and off of a system 
regulating the stability of the vehicle, the activation of a wheel anti-spin 
system, and the activation of a purge function of an exhaust canister used to 
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accommodate the fuel vapours from the fuel tank of the vehicle. All these 
measures lead to a change in torque with which the regeneration of the 
catalytic converter 9 can be carried out. 

5 Another state or condition that can be detected and utilized for the NO x 
regeneration of the catalytic converter is the extent to which a certain 
predetermined pressure prevails in the brake booster of the vehicle. Modem 
vehicles are normally equipped with a brake booster, which comprises a 
vacuum chamber with a connection to the engine inlet, so that a negative 

10 pressure can be generated in the vacuum chamber during the operation of 
the engine. This pressure is utilized to ensure the required braking force 
applied by the brake system. The abovementioned pressure sensor 27 
shown in Fig. 1 is then used to measure this pressure. If the pressure value 
is different from a predetermined limit, the engine is adjusted in such a way 

1 5 that the air-fuel quantity is changed in order to ensure the desired pressure at 
the engine inlet. If this situation is detected by the control unit, an NO x 
regeneration is also initiated in this embodiment, whereby the control unit 
calculates an appropriate lambda value and time period during which a pulse 
of rich exhaust gas should be present in the catalytic converter. In this way, 

20 the invention additionally fulfils an automatic control function, since it 
guarantees that a predetermined pressure prevails in the brake booster. 

The NOx regeneration can also be controlled according to the position of the 
brake pedal 25 of the vehicle, using the position sensor 24 connected to the 
25 brake pedal 25. If, for example, the driver applies the brakes, this situation 
can be utilized to initiate the said regeneration. As an alternative to detecting 
the position of the brake pedal 25, the system can use a signal from a 
pressure sensor (not shown), which senses the braking pressure prevailing in 
the brake circuit of the vehicle. 

30 

The abovementioned operating conditions of the engine and the vehicle can 
be described as "prevailing" op rating conditions or stat s that can arise in 
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the vehicl during its normal operation, and which mean that the air/fuel 
mixture supplied to the engine must be altered. These operating conditions 
can then be utilized for the simultaneous initiation of an NO x regeneration of 
the catalytic converter 9. 



As an alternative to the method of operation described above, a partial NO x 
regeneration of the catalytic converter 9 can also be performed, i.e. one that 
need not continue until the catalytic converter has been completely freed of 
the NOx compounds. This may be relevant e.g. when a certain operating 
mode of the vehicle dictates that a relatively rich air/fuel mixture can be 
supplied to the engine only for a certain limited time. In such a case, the 
catalytic converter is only partly freed of the NOx compounds. However, the 
control unit is designed for the continuous storage of a value of the degree of 
filling, which then acts as the basis of the next NO x regeneration of the 
catalytic converter 9. 

If none of the above operating conditions is present, the catalytic converter 9 
must still be given an NO x regeneration when it is full. If for example the 
vehicle in question is driven for a fairly long time without any acceleration (i.e. 
without any "driver-activated NO x regeneration" taking place), the catalytic 
converter 9 must be compulsoriiy regenerated when it is full. This 
corresponds to a regeneration after a certain maximum time has elapsed 
since the last regeneration. If such a time t 2 elapsing since the last 
regeneration exceeds a certain limit, which can be identified by the control 
unit, a regeneration must be carried out compulsoriiy. The system then 
proceeds to determine an appropriate lambda value and time ti during which 
a pulse of rich exhaust gas should be sent into the catalytic converter 9, 
whereupon regeneration takes place. 

As regards the calculation of the lambda value and the time ti during which a 
pulse of rich exhaust gas should be present, the fact is that these two 
parameters can vary with the operating modes of the vehicle. For example, a 
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pulse of rich exhaust gas with a relatively high lambda value of e.g. 0.9 can 
be utilized if the driver presses the accelerator down hard. Other lambda 
values can be used in other operating situations, depending also on e.g. 
which signal is used or on the catalyst in use, etc. Furthermore, in all the 
above operating conditions, the lambda value and the time ti can be 
determined according to the degree of filling of the catalytic converter 9 at the 
time, i.e. according to how extensive a regeneration is required at the 
moment. Moreover, a relatively high lambda value may call for a longer time 
ti than a lower lambda value. In most cases, the time ti can be approximately 
between 0.5 and 5 seconds. 

The temperature of the pre-cataiyst can also be used for determining the 
lambda value and the time ti. For this purpose, it is possible to feed into the 
control unit some tabulated values giving the corrections for the lambda value 
and/or the time ti according to the temperature value measured with the aid 
of the temperature sensor 33 shown in Fig. 1, possibly in combination with a 
software-based estimation of the temperature of the catalytic converter 9, as 
described above. 

The NO x regeneration of the catalytic converter 9 can also be carried out by 
weighting several parameters that indicate how much the regeneration is 
necessary. In such a case, the control unit first senses whether one or more 
of the above operating conditions apply. If this is the case, then a "collective 
weighing" is carried out by calculating a sum where each observed condition 
is given a weighted value that is added to this sum. If the sum exceeds a 
certain predetermined limit, the control unit assumes that a regeneration of 
the catalytic converter is necessary, and so a pulse of rich exhaust gas is 
generated. 

According to the invention, the abovementioned heat exchanger 15 is used, 
which is preferably located upstream of the N Ox-adsorbing catalytic converter 
9. The heat exchang r 15 acts here as a passive component, with the aid of 
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which the t mperature of th exhaust gas from the engine 1 is adapted to the 
prevailing operating stat of th vehicl in qu stion, so as to ensure an 
optimum operation of the catalytic converter 9 t whereby the emission of 
harmful substances from the engine 1 is reduced as much as possible. For 
5 example, in the operating state in which the engine 1 is driven in the 
homogeneous mode, a relatively hot exhaust gas is obtained from the engine 
1, i.e. an exhaust gas whose temperature can reach about 950°C. In this 
situation, the device according to the invention ensures that the exhaust gas 
is cooled by the heat exchanger 15. Owing to the construction of the heat 

10 exchanger 15 described above, the temperature of the exhaust gas in this 
state is reduced to a level where it is not harmful for the catalytic converter 9, 
i.e. to a value of below about 800°C. In this operating state, the atmospheric 
air also contributes to the cooling of the exhaust gas during driving. 
Furthermore, the heat exchanger 15 is so designed that the exhaust gas 

15 temperature during the sulphur regeneration lies between about 650 and 
800°C. In the corresponding operating state but with a lean operation of the 
engine 1 , it is also ensured by the device according to the invention that the 
exhaust gas temperature is about 200-500°C. In this way, the device 
according to the present invention solves the conflict between the need for a 

20 relatively high exhaust gas temperature in the catalytic converter 9 during the 
sulphur regeneration, and a relatively low exhaust gas temperature during 
lean operation. This is particularly true, since the temperature of the exhaust 
gas coming directly from the engine 1 in the case of e.g. stratified operation 
is relatively low. Despite this, the device according to the invention ensures 

25 that the exhaust gas is not cooled so much as to reduce this temperature to 
below about 200°C. 

The invention is not limited to the embodiments described above and 
illustrated in the drawings but can be modified within the scope of the claims 
30 that follow. For example, the pre-cataiyst may be an electrically heatable 
start-up catalyst. Furthermore, the invention can be used both with a 
conventional butterfly valve for th gas setting and with an electrically 
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controlled one. Furthermore, the invention can be used in conjunction with 
engines that are fitted with a turbo-charger. 

The components such as the temperature sensor 33, for example, can be 
placed at sites that are different from the positions described above. For 
example, the temperature sensor can be located downstream of the catalytic 
converter 9. In this way, it is possible to check whether the exhaust gas 
temperature has reached the lower limit of 650°C for sulphur regeneration. 
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CLAIMS 

1. Device for use with an internal combustion engine (1), 
comprising means (4, 5, 18) for generating an air/fuel mixture for the 

5 cylinders (3) of the engine (1), an exhaust system (7, 8) connected to the 
engine (1), and an NOx-adsorbing catalytic converter (9) arranged in the 
exhaust system (7, 8) t characterized in that it includes a heat 
exchanger (15) that is fitted upstream of the said catalytic converter (9) and is 
used to adapt the temperature of the exhaust gas from the engine (1) to the 
10 operating state of the catalytic converter (9) at the time. 

2. Device according to claim 1, characterized in that the 
said heat exchanger (15) consists of a number of essentially identically 
shaped tubes (37), which are traversed by the exhaust gas from the engine 

15 (1) and are mounted essentially parallel to one another and whose centres, 
seen in cross section, are essentially arranged on a circle. 

3. Device according to claim 1or2, characterized in that 
it includes a control unit (5) that is designed to regulate the said means (4, 5, 

20 18) in order to induce the repeated NO x regeneration and SO x regeneration 
of the catalytic converter (9). 

4. Device according to claim 3, characterized in that the 
control unit (5) is designed to set the said means (4, 5, 18), in a first 

25 operating mode, for generating a relatively lean exhaust gas mixture for the 
NOx adsorber (11) in order to cause the adsorption of the NO* compounds 
present in the said exhaust gas mixture, and to set the said means (4, 5, 18), 
in a second operating mode, for generating a relatively rich exhaust gas 
mixture for the said NO x adsorber (1 1) in order to cause the desorption of the 

30 NOx compounds present in the said exhaust gas mixture. 
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5. Device according to claim 4, characterized in that the 
control unit (5) can also detect whether at least one condition is present in 
the vehicle, which condition corresponds to an initiation of a change from the 
said first operating mode to the said second operating mode, in which case 
there is a change-over in the said air/fuel mixture for the engine (1), and so 
the said generation of a rich exhaust gas is initiated for the desorption of the 
NO x compounds in the NO x adsorber (1 1 ), according to the said state. 

6. Device according to claim 5, c h a r a c t e r i z e d in that the 
said state corresponds to a deliberate change of the torque of the said 
engine (1). 

7. Device according to any one of claims 3-6, 
characterized in that the control unit (5) is designed for the 
alternating regulation of the internal combustion engine (1), i.e. alternating 
between a first state, in which a relatively rich exhaust gas mixture is fed into 
the catalytic converter (18) whereupon the oxygen reserve in the catalytic 
converter (18) is at least partly used up for the combustion of hydrocarbons 
in the exhaust system (16, 17) to generate heat, and a second state, in which 
a relatively lean exhaust gas mixture is fed into the catalytic converter (18) to 
replenish the oxygen in the said oxygen reserve, and in that the control unit 
(5) is designed to stop the said alternating regulation after a predetermined 
amount of sulphur compounds has been desorbed from the said catalytic 
converter (18). 

8- Device according to any one of the previous claims, 

characterized in that the said engine (1) is a direct-injection (Dl) 
spark-ignition engine. 
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AMENDED CLAIMS 

[received by the International Bureau on 1 1 April 2000 (1 1.04.00); 
original claims 1 to 8 replaced by new claims 1 to 9 (2 pages)] 

1. Device for use with an internal combustion engine (1) of the "lean-burn" 
engine type, comprising means (4, 5, 18) for generating an air/fuel mixture for 
the cylinders (3) of the engine (1) in order to provide at least stratified and 
homogenous operation, an exhaust system (7, 8) connected to the engine 
(1), and an NOx-adsorbing catalytic converter (9) arranged in the exhaust 
system (7, 8), characterized in that it includes a heat exchanger 
(15) that is fitted upstream of the said catalytic converter (9) and is used to 
adapt the temperature of the exhaust gas from the engine (1) to the operating 
state of the catalytic converter (9) at the time. 

2. Device according to claim 1, characterized in that said means (4, 
5, 18) are adapted for sulphur regeneration of the catalytic converter (9) by 
repeatedly burning of oxygen in an oxygen reserve in the catalytic converter 
(9) together with uncombusted hydrocarbon compounds in the exhaust gases 
from the engine (1), so as to raise the temperature of said exhaust gases. 

3. Device according to claim 1 or 2, characterized in that the said 
heat exchanger (15) consists of a number of essentially identically shaped 
tubes (37), which are traversed by the exhaust gas from the engine (1) and 
are mounted essentially parallel to one another and whose centres, seen in 
cross section, are essentially arranged on a circle. 

4. Device according to any one of claims 1-3, c h a r a c t e r i z e d i n that 
it includes a control unit (5) that is designed to regulate the said means (4 f 5, 
18) in order to induce the repeated NO x regeneration and SO* regeneration 
of the catalytic converter (9). 

5. Device according to claim 4, characterized in that the control unit 
(5) is designed to set the said means (4, 5, 18), in a first operating mode, for 
generating a relatively lean exhaust gas mixture for the NO x adsorber (1 1 ) in 
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order to cause the adsorption of the NO x compounds present in the said 
exhaust gas mixture, and to set the said means (4, 5, 18), in a second 
operating mode, for generating a relatively rich exhaust gas mixture for the 
said NOx adsorber (11) in order to cause the desorption of the NO x 
compounds present in the said exhaust gas mixture. 

6. Device according to claim 5, characterized i n that the control unit 
(5) can also detect whether at least one condition is present in the vehicle, 
which condition corresponds to an initiation of a change from the said first 
operating mode to the said second operating mode, in which case there is a 
change-over in the said air/fuel mixture for the engine (1), and so the said 
generation of a rich exhaust gas is initiated for the desorption of the NO x 
compounds in the NO x adsorber (1 1), according to the said state. 

7. Device according to claim 6, characterized in that the said state 
corresponds to a deliberate change of the torque of the said engine (1 ). 

8. Device according to any one of claims 4-7, characterizedinthat 
the control unit (5) is designed for the alternating regulation of the internal 
combustion engine (1), i.e. alternating between a first state, in which a 
relatively rich exhaust gas mixture is fed into the catalytic converter (18) 
whereupon the oxygen reserve in the catalytic converter (18) is at (east partly 
used up for the combustion of hydrocarbons in the exhaust system (16, 17) 
to generate heat, and a second state, in which a relatively lean exhaust gas 
mixture is fed into the catalytic converter (18) to replenish the oxygen in the 
said oxygen reserve, and in that the control unit (5) is designed to stop the 
said alternating regulation after a predetermined amount of sulphur 
compounds has been desorbed from the said catalytic converter (18). 

9. Device according to any one of the previous claims, 
characterized in that the said engine (1) is a direct-injection (Dl) 
spark-ignition engine. 
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